
Fall 2001

Physics 129: Problem Set #1
Due: Wed Sept 5, 2001

This problemsetcoversmaterialfrom PerkinsChapter1. It alsowill introduceyou

to a very usefulresource:thework of theParticleDataGroup. I have alsoincluded

a numberof relativity problems. For thoseof you who are rusty on your special

relativity, Tuanwill bereviewing this topic in sectionnext week.

1. Natural Units It is convenientto choosea setof unitssuchthath̄ � c � 1. In

suchunits,mass(m), momentum(mc) andenergy (mc2) areexpreseedin units

of GeVandlength(h̄
�
mc) andtime (h̄

�
mc2) areexpressedin unitsof GeV� 1.

Show thatin theseunits

(a) theComptonwavelengthof anelectronis m � 1

(b) theBohr radiusof thehydrogenatomis � αm � � 1

(c) thevelocityof anelectronin its lowestBohrorbit is α

Herem is the massof the electron,or morepreciselyfor partsb) andc) the

reducedmassmemp
� � me � mp � .

2. Relativistic Kinematics and Fixed Target Collisions Perkins1.1

3. Relativistic Kinematics and the Decay of the π0 Perkins1.4

4. Relativity and β decay (adoptedfrom Griffiths p. 52) In theperiodbeforethe

discoverof theneutron,many peoplethoughtthatthenucleusconsistedof pro-

tonsandelectrons, with theatomicnumberequalto theexcessnumberof pro-

tonsoverelectrons.Thisview seemedto besupportedby theobservationthatin

nuclearbetadecayelectronsareemittedandthechargeof thenucleuschanges

so that overall charge is conserved. Usethe position-momentumuncertainty

principle,∆x∆p � h̄, to estimatetheminimummomentumof anelectroncon-

finedto a nucleus(radius10� 13 cm). Fromtheenergy-momentumrelation(in

naturalunits)E2 � p2 � m2 determinethecorrespondingenergy andcompare
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it with thatemittedin, say, thebetadecauof tritium (seePerkinsp. 200). This

resultconvincedsomepeople(correctly)thatthebeta-decayelectroncouldnot

have beenrattling aroundinsidethenucleus,but mustbeproducedin thedis-

integrationitself.

5. Navigating the Particle Data Group Web Pages TheParticleDataGroupmain-

tainsanexcellentwebsitewith a compilationof usefulinformationaboutpar-

ticle physics.This informationis alsoavailablein printedform for free if you

write to them.ThePDGwebaddressis: http://www-pdg.lbl.gov/

The following questionscanbe answeredjust by looking up informationon

thesewebpages.They will just getyou familiar with thepagesandalsosome

basicparticlephysicsfacts. (Hint: The first two questionscanbe answered

by looking in theSummaryTables.Thethird usesinformationfrom available

from thepageof Reviews,TablesandPlots)

(a) Whatarethemassesof thelightestknownmeson,thelightestSpin1 me-

sonandthe lightestmesonthatcarriesa strangenessquantumnumberof

1?

(b) The Λ is a baryonthatdecaysweakly. What is its massandwhat is the

lifetime of theΛ? Whatarethetwo mostcommondecaymodesof theΛ
andfractionof thetimedoesit decayinto eachof thesetwo modes?

(c) Considerthe interactionπ � p � π � p (πp elasticscattering).What is the

experimentallymeasuredcrosssectionfor eachof thefollowingcenter-of-

massenergies:1.2GeV, 3 GeV, 6 GeV?How do thesenumberscompare

to thetotal π � p crosssection(πp � anything) ateachof theseenergies?
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